Ag thin films were prepared on the float-glass substrate by DC magnetron sputtering method. The relationship of surface morphology/electrical properties with technical conditions was investigated. The experimental results showed that sputtering power, sputtering pressure and substrate temperature had effects on the morphology and electrical properties of Ag thin films. The optimum parameters were obtained with sputtering power of 100 W，sputtering pressure of 0.4 Pa and substrate temperature of 130 °C. Under the optimum parameters, the deposited Ag thin film was smooth and its resistivity was as low as 1.96×10 -8 Ω·m.
Introduction
Ag thin films are widely used in photoelectronic devices and solar cells, such as the cathode conductive films of the Field emission display, because of its high conductivity, thermal conductivity and difficult corrosion [1] [2] [3] . The Ag thin films are usually prepared by sol-gel, thermal evaporation, CVD and magnetron sputtering, etc. Among the methods, the magnetron sputtering has advantages of simple process, being suitable for large area production, and fabricating films with good qualities [4] . Therefore, magnetron sputtering is commonly used in industries.
In this work, the Ag films were deposited on the float-glass substrates by DC sputtering with changing the sputtering power, sputtering pressure and substrate temperature. The relationship of the technical parameters with the morphological and electrical properties were studied to fabricate Ag films used in the cathode conductive films of the Field emission.
Experiments
The Ag thin films were deposited on the float-glass substrates by DC sputtering in WTCJ600 magnetron sputtering system. The target is a silver target with 99.95% purity. For sputtering deposition, the base vacuum chamber was evacuated up to 2×10 -3 Pa, and sputtering was carried out under Ar atmosphere with 99.999% purity. The distance between target and substrate was about 80 mm, and the sputtering power was in the range of 50 ~ 150 W, the gas pressure was changed from 0.3 to 0.6 Pa and the substrates temperature was changed from 25 to 130 ˚C. Prior to the Ag film deposition, pre-sputter was carried out for 3 min to clean the target surface, and all the glass substrates were coated with AZO films to improve the adhesion [5] [6] . The structure and morphology of the Ag films were characterized by Veeco Dektek 6M Surface profile instrument, Hitachi S-3000N scanning electron microscope, CSPM-4000 atomic force microscope, respectively. The electrical properties were measured by Nanjing Daming DMR-1C Four-Point Probe Meter.
Results and discussion

Influences of the Sputtering Power
The substrates temperature and gas pressure were kept at 100 ˚C and 0.4 Pa respectively, the sputtering power were changed from 50 to 150 W to obtain the different samples with the same thickness. Fig. 1 shows the SEM micrographs of the films deposited in different sputtering powers. It can be seen that, with the sputtering power increased from 50 to 100 W, the Ag films were denser with increased grains size. When the sputtering power was up to 150 W, the density of the Ag film was decreased because of more energy which leads to the big grain size. Fig.2 shows a curve of the Ag films resistivity vs. the sputtering power. When the sputtering power was below 100 W, the resistivity of the films was decreased observably with the sputtering power increasing. When the sputtering power was larger than 100 W, the resistivity of the films was increased slowly with the increasing of sputtering power. Perhaps because the films were denser with fewer flaws at the lower sputtering power, but there are more flaws appeared in the films when the sputtering power was larger than 100 W [7] . In this work, we obtained uniform Ag films with a lowest resistivity of 2.14×10 -8 Ω·m at the sputtering power 100 W.
Influences of the Sputtering Pressure
The samples were fabricated by keeping the sputtering power and substrate temperature at 100 W and 100 ˚C respectively. The sputtering pressures were varied from 0.3 to 0.6 Pa by argon gas. As shown in Fig. 3 , the Ag films deposited with the sputtering pressure at 0.3 Pa and 0.6 Pa are loose, increased, so the density of the film was improved. When the sputtering pressure up to 0.6 Pa, the energy of the Ag atom to the substrate was weaken because of a frequent collision with the Ar ions. Therefore the density of the Ag film was decreased. Fig. 4 shows the resistivity of the Ag films decreased firstly and then increased with the sputtering pressure changing from 0.3 to 0.6 Pa. When the sputtering pressure was 0.4 Pa, we got the Ag films with lowest resistivity. The Ag films had higher resistivity when deposited both at a lower and higher sputtering pressure, since the films were loose as shown in Fig. 3 . 
Influences of the Substrate Temperature
Under the condition of the sputtering power and pressure of 100 W and 0.4 Pa respectively, the Ag films were deposited at the substrate temperature of 25, 80 and 130 °C respectively. All the films are about 300 nm in thickness. Fig. 5 shows the AFM pictures of the films, and Table 1 shows the grains size of the films. As shown in Table 1 , with the substrate temperature increasing, the grain sizes of the films were increased. The films were most smooth at the substrates temperature 130 °C, it can be explained that the Ag atoms mobility were increased with the substrate temperature increasing [8] [9] [10] . The Ag films deposited at the substrate temperature of 130 °C have lowest resistivity of 1.96×10 -8 Ω·m. 
Conclusion
The Ag films have been prepared by DC magnetron sputtering with the varied sputtering power, sputtering pressure and substrate temperature respectively. The structural and conductive properties of the films have been studied. The resistivity of the films was decreased with the substrate Applied Mechanics and Materials Vols. 217-219 temperature increasing. The optimum parameters were obtained with sputtering power of 100 W, sputtering pressure of 0.4 Pa and substrate temperature of 130 °C. Under the optimum parameters, the deposited Ag thin film was good with smooth surfaces and their resistivity was as low as 1.96×10 -8 Ω·m.
